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0LFURQHHGOHEDVHGELRVHQVRUIRUPLQLPDOO\LQYDVLYHODFWDWHGHWHFWLRQ
3DROR %ROOHOODD 6DQLMY 6KDUPDE$QWKRQ\(GZDUG*HRUJH &DVVF5LFFDUGD $QWLRFKLDD
D'HSDUWPHQWRI&KHPLVWU\DQG'UXJ7HFKQRORJLHV 6DSLHQ]D8QLYHUVLW\RI5RPH5RPH,WDO\
E&ROOHJH RI(QJLQHHULQJ 6ZDQVHD8QLYHUVLW\6ZDQVHD:DOHV
F'HSDUWPHQWRI&KHPLVWU\	,QVWLWXWHRI%LRPHGLFDO(QJLQHHULQJ ,PSHULDO&ROOHJH/RQGRQ8.
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,6) 7R IXUWKHU GHPRQVWUDWH WKH FDSDELOLW\ RI
PLFURQHHGOHDUUD\VDVVHFRQGJHQHUDWLRQELRVHQVRUVZHKDYHIXQFWLRQDOL]HGJROG PLFURQHHGOHVZLWK
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,WLVNQRZQWKDWODFWDWH
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GLDJQRVWLFVLQWHQVLYHFDUHDQGVSRUWPHGLFLQH
6HYHUDOFODVVLFDODQDO\WLFDOPHWKRGVKDYHEHHQXVHGVXFKDVDPSHURPHWU\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/2; DQG ODFWDWH
GHK\GURJHQDVH/'+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QR EORRG YHVVHOV DQG QR QHUYH HQGLQJV DUH SUHVHQW 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5DZVRQ HW DO +RZHYHU WKHUH DUH QR SXEOLFDWLRQZKHUHPLFURQHHGOH DUUD\V
KDYHEHHQVKRZQWRIXQFWLRQDV VHFRQGJHQHUDWLRQELRVHQVRUV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PRGLILHGE\ HOHFWURGHSRVLWLRQRI$XPXOWLZDOOHG FDUERQQDQRWXEHV 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WKHRSWLPXPS+DQG7YDOXHVUHSRUWHGLQ OLWHUDWXUHIRUODFWDWHR[LGDVH7DXULQRHWDO
6WXG\RIELRVHQVRUVWDELOLW\
7KHVWDELOLW\DQGOLIHWLPHRIWKHELRVHQVRUZHUH LQYHVWLJDWHGE\PRQLWRULQJWKHVLJQDOGHFUHDVHRI
WKHFXUUHQWZKHQWKHELRVHQVRULVXVHGIRUPHDVXUHPHQWVHYHU\GD\RYHUDSHULRGRIGD\VIRUD
P0ODFWDWHVROXWLRQDVUHSRUWHGLQ)LJ&7KHPLFURQHHGOHV EDVHGELRVHQVRUVKRZHGDVLJQDO
GHFUHDVHRILWVLQLWLDOUHVSRQVHRIOHVVWKDQ DIWHUGD\VSUREDEO\GXHWRDFRPELQDWLRQRIWKH
LQWULQVLFVWDELOLW\RIWKHHQ]\PH WKHQDQRVWUXFWXULQJRIWKHPLFURQHHGOHHOHFWURGH VXUIDFHDQGWRWKH
SDUWLFXODUJHRPHWU\RIWKHPLFURQHHGOHVWKHPVHOYHV
,QWHUIHUHQFHVWXG\
7KHVHOHFWLYLW\RIWKHELRVHQVRUZDVVWXGLHGLQRUGHUWRDVVHVV WKHLQIOXHQFHRISRVVLEOHLQWHUIHULQJ
FRPSRXQGVRQLWV UHVSRQVH7KHVLJQDOREWDLQHGIRUDIL[HGFRQFHQWUDWLRQRIODFWDWHZDVFRPSDUHG
WRWKDWREWDLQHGZLWKHTXDODPRXQWVRILQWHUIHULQJFRPSRXQGVVXFKDVDVFRUELFDFLGXULFDFLGDQG
JOXFRVH 1R VLJQLILFDQW FXUUHQWV IURP LQWHUIHUHQFH E\ WKHVH FRPSRXQGV ZDV REVHUYHG )LJ '
6XFKKLJKVHOHFWLYLW\UHIOHFWVWKHORZRSHUDWLQJ SRWHQWLDORIWKHVHFRQGJHQHUDWLRQELRVHQVRUGXHWR
WKHFRPELQHGXVHRIWKHHOHFWURSRO\PHUL]HG0%DQG DQDQRVWUXFWXUHGVXUIDFH
$QDO\VLVRI DUWLILFLDOLQWHUVWLWLDOIOXLGDQGKXPDQVHUXP
,Q RUGHU WR GHPRQVWUDWH WKH IHDVLELOLW\ RI WKH PRGLILHG PLFURQHHGOHV EDVHG HOHFWURGH IRU WKH
PLQLPDOO\ LQYDVLYHGHWHFWLRQRI ODFWDWH WKHELRVHQVRUZDV XVHG WRGHWHUPLQH WKHFRQFHQWUDWLRQRI
ODFWDWH LQ DUWLILFLDO LQWHUVWLWLDO IOXLG DQG KXPDQ EORRG VDPSOHV ERWK VSLNHG ZLWK ODFWDWH  )LJ 
VKRZVWKHFDOLEUDWLRQ SORWVREWDLQHGZLWKDUWLILFLDO,6)DQGKXPDQVHUXP7KHUHVSRQVHLVOLQHDULQ
ERWK FDVH ZLWK D VLPLODU GHWHFWLRQ OLPLW EXW D QDUURZHU OLQHDU UDQJH FRPSDUHG WR WKDW UHSRUWHG
SUHYLRXVO\LQSKRVSKDWHEXIIHUS+7KHVHQVLWLYLWLHVUHVXOWHGWREHr P$FP P0 LQ
,6)56'Q DQG rP$FP P0 56'Q LQKXPDQVHUXPORZHUWKDQWKDW
REWDLQHGLQSKRVSKDWHEXIIHU7KLVUHVXOWLVSDUWLFXODUO\HYLGHQWZLWKWKHPHDVXUHPHQWVFDUULHGRXW
LQKXPDQ VHUXPZKHUH WKHPHDVXUHPHQWVPD\EH DIIHFWHGE\ELRIRXOLQJHIIHFWV RI WKH HOHFWURGH
+RZHYHUWKHUHVSRQVHREWDLQHGLQWKH,6)UHPDLQVKLJKHQRXJKWRDOORZ DJRRGGHWHFWLRQRIODFWDWH
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DQG LQGLFDWHV WKH SRWHQWLDO IRU WKH VXEFXWDQHRXV ODFWDWH PRQLWRULQJ EDVHG RQ WKH SURSRVHG
PLFURQHHGOHV EDVHGELRVHQVRU
)LJ  VKRZV D FRPSDULVRQ RI WKH UHVXOWV REWDLQHGZLWK RWKHU QRQLQYDVLYH DPSHURPHWULF ODFWDWH
ELRVHQVRUVUHSRUWHGLQ OLWHUDWXUH /DFWDWHZDVGHWHFWHGLQGLIIHUHQWELRORJLFDOIOXLGVVXFKDVVZHDW
VDOLYDDQGWHDUV$VZHFDQVHHWKHOLQHDUUDQJHLVEURDGHUEXWWKHVHQVLWLYLW\REWDLQHGLVGHILQLWHO\
ORZHUWKDQWKDWREWDLQHGZLWKWKHPLFURQHHGOHVEDVHG ELRVHQVRU
,WLVLPSRUWDQWWRQRWHWKDWWKHFRQWHQWRIVZHDWVDOLYDDQGWHDUVLVPRUHYDULDEOHFRPSDUHGWRWKH
FRPSRVLWLRQ RI EORRG DQG RI LQWHUVWLWLDO IOXLG ,W FDQ EH LQIOXHQFHG E\ GLIIHUHQW IDFWRUV VXFK DV
PLFUREHVRQ WKH VNLQ LQ WKHFDVHRIVZHDWDQG WHDUVRUE\IRRGLQJHVWLRQLQ WKHFDVHRIVDOLYD
0RUHRYHUDVSHRSOHDUHQ¶WDOZD\VVZHDWLQJ LQPDQ\DSSOLFDWLRQVRXWVLGHDWKOHWLFVLWLVQHFHVVDU\WR
XVHZHDUDEOHEDQGV WR ORFDOO\ VWLPXODWH VZHDWLQJ7KH LQWHUVWLWLDO IOXLG LV DQ DFFHVVLEOH DQGPRUH
UHSURGXFLEOH PDWUL[ DQG LW VHHPV WR EH WKH PRVW VXLWDEOH KXPDQ ERG\ IOXLG IRU WKH PLQLPDOO\
LQYDVLYHPHVXUHPHQW RIODFWRVH
&RQFOXVLRQV
7KLV VWXG\ KDV GHPRQVWUDWHG WKH GHVLJQ DQG GHYHORSPHQW RI WKH ILUVW H[DPSOH RI D VHFRQG
JHQHUDWLRQPLQLPDOO\LQYDVLYHELRVHQVRUIRUODFWDWHGHWHFWLRQEDVHGRQPLFURQHHGOHDUUD\V 7KHQHZ
ELRVHQVRU GHYLFH LV EDVHG RQ WKH XVH RI D JROGPLFURQHHGOHV HOHFWURGH PRGLILHGZLWK0:&17V
SRO\PHWK\OHQH EOXH DQG ODFWDWH R[LGDVH IURP $HUHRFRFFXV YLULGDQV 7KH V\VWHP HQDEOHV KLJKO\
VHQVLWLYH VHOHFWLYH DQG VWDEOH GHWHUPLQDWLRQ RI ODFWDWH LQ KXPDQ LQWHUVWLWLDO IOXLGZKLFK VXJJHVWV
WKDW LW LV D VXLWDEOHERG\ IOXLGFRPSDUHG WR VZHDW VDOLYDDQG WHDUV DV LW LV H[SHFWHG WR VKRZ OHVV
YDULDELOLW\ LQ LWV FRPSRVLWLRQ )RU WKHVH UHDVRQV WKH ODFWDWH ELRVHQVRU EDVHG RQ PLFURQHHGOH
WHFKQRORJ\VHHPVWREHDSURPLVLQJWRRODVDZHDUDEOH GHYLFHWREHXVHGLQVSRUWPHGLFLQHDQGLQ
FOLQLFDO FDUH IRU FRQWLQXRXV PRQLWRULQJ RI ODFWDWH 7KH ELRVHQVRU ZLOO EH IXUWKHU RSWLPL]HG DQG
YDOLGDWHGIRULQYLYR PHDVXUHPHQWVWKURXJKFOLQLFDOVWXGLHVZLWK KHDOWK\YROXQWHHUV
)XWXUH HIIRUWVZLOO IRFXV RQ LQWHJUDWLRQ RI WKH LQVWUXPHQWDWLRQ IRU VLJQDO SURFHVVLQJ DQGZLUHOHVV
FRPPXQLFDWLRQ DVZHOO DV RQ D FULWLFDO HYDOXDWLRQ RI WKH WROHUDELOLW\ DQGELRFRPSDWLELOLW\ RI WKH
GHYLFH
$FNQRZOHGJHPHQWV
5HIHUHQFHV
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